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Abstract. The Anti-de Sitter Space/Conformal Field Theory (AdS/CFT) correspondence may offer
new and useful insights into the non-perturbative regime of strongly coupled gauge theories such as
Quantum Chromodynamics (QCD). Soft-wall AdS/QCD models have reproduced the linear Regge
trajectories of meson spectra by including background dilaton and chiral condensate fields. Efforts
to derive these background fields from a scalar potential have so far been unsuccessful in satisfying
the UV boundary conditions set by the AdS/CFT dictionary while reproducing the IR behavior
needed to obtain the correct meson spectra. We present work toward a three-field scalar potential
that includes the dilaton field and the chiral and glueball condensates. This model is consistent with
background fields that yield linear trajectories for the meson spectra and the correct mass-splitting
between the vector and axial-vector mesons.
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INTRODUCTION AND MOTIVATION
Quantum chromodynamics has been well tested for high-energy collisions, where
perturbation theory is applicable. However, at hadronic scales, the interaction is non-
perturbative, requiring a new theoretical model. The Anti-de Sitter Space/Conformal
Field Theory (AdS/CFT) correspondence establishes a connection between n-
dimensional Super-Yang Mills Theory and a weakly-coupled gravitational theory
in n+1 dimensions [1]. Phenomenological models inspired by this correspondence are
known as AdS/QCD, and have succeeded in capturing some features of QCD [2].
Quark confinement in QCD sets a scale that is encoded in a cut-off of the fifth
dimension in the AdS theory. Soft-wall models use a dilaton as an effective cut-off to
keep the meson fields from penetrating too deeply into the bulk. The simplest soft-wall
models use a quadratic dilaton to recover the linear Regge trajectories, [2] while models
that modify the UV behavior of the dilaton more accurately model the ground state
masses. In this work, we use the meson action from [3].
S5 =
∫
d5x
√−ge−φ(z)Tr
[
|DX |2+m2X |X |2+κ|X |4+
1
4g25
(F2L +F
2
R )
]
. (1)
Where φ is the dilaton, X is the scalar field, and FL,R contain the vector and axial vector
gauge fields. Please see [3, 4] for details on the field content, the equations of motion,
and the numerical calculation of the meson spectra.
We begin examining the background equations for the dilaton and chiral condensate
fields (φ and χ), using the action proposed in [5]. The chiral condensate is identified as
the vacuum expectation value of the scalar field in (1). In the Einstein frame, the action
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for the background fields reads
SE =
1
16piG5
∫
d5x
√−gE
(
RE − 12∂µφ∂
µφ − 1
2
∂µχ∂ µχ−V (φ ,χ)
)
(2)
One background equation does not depend on the potential,
6aφ ′′(z)+ [φ ′(z)]2(6a2−1)− [χ ′(z)]2+ 12aφ
′(z)
z
= 0. (3)
Examining (3), and requiring the IR behavior that φ = λ z2 and χ = Γz, determines
a = 1/
√
6 [5]. This determines a relationship between λ , the parameter that sets the
slope of the Regge trajectories, and Γ, which is related to the mass-splitting between the
vector and axial vector mesons [3]
∆m2 = lim
z→∞
g25χ
2
z2
= g25Γ
2 = g256
3/2λ (4)
Using the experimental value of λ gives a value of ∆m2 that is ∼ 50 times too large.
THREE-FIELD MODEL
One proposed solution to this problem is to add another scalar field to the action for
the background fields, G, dual to the glueball. By this association, the UV boundary
condition is limz→0G(z) = goz4, where go is the gluon condensate. To maintain linear
confinement, G∼ z in the IR. The background equations that result are
χ ′2+G′2 =
√
6
z2
d
dz
(
z2φ ′
)
(5)
V +12 =
√
6
2
z2φ ′′− 3
2
(zφ ′)2−3
√
6φ ′ (6)
∂V
∂φ
= 3zφ ′ (7)
∂V
∂χ
= z2χ ′′−3zχ ′
(
1+
zφ ′√
6
)
(8)
∂V
∂G
= z2G′′−3zG′
(
1+
zφ ′√
6
)
. (9)
Because the potential depends on z only through the fields, we can eliminate one of (7),
(8), or (9).
Examining (5) in the IR limit, we see that we can adjust the coefficients of the power-
law behavior of the dilaton and chiral condensate fields independently, matching them
to their experimental values.
We seek a parametrization for the chiral and glueball fields that is consistent with an
expression for the dilaton that can be written without any special functions. In addition,
 0
 1
 2
 3
 4
 5
 0  1  2  3  4  5  6  7  8
m
2  (
G e
V2
)
n
Vector Model
! data
Axial Model
a1 data
FIGURE 1. The experimental ρ and a1 meson masses [6] are fit well by the eigenvalues found using
this parametrization.
the parametrization must yield meson spectra that match well with experiment. The
simplest expressions that match these criteria were found to be
G′(z) =
A
B3
(
1− e−Bz)3 , χ ′(z) = α
β 2
(
1− e−β z
)2
. (10)
The above parameters are defined: α = σ/3, α/β 2 = Γ, A= go/4. B is set by ensuring
(5) is satisfied in the IR limit.
The values of the parameters, as determined by a least-squares fitting to the ρ and
a1 spectra, are: σ = (0.375GeV)3, go = (1.5GeV)4, Γ= 0.25GeV, λ = (0.428GeV)2.
The meson spectra that result from this parametrization are shown in Figure 1.
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